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Peak left ventricular pressure during balloon inflation was
measured in 20 patients who underwent balloon valvulo-
plasty for severe aortic stenosis to define the determinants
of ventricular pressure development in response to in-
creased loading conditions. The peak left ventricular pres-
sure ranged from 150 ± 5 to 386 ± 22 mm Hg (mean ± SD),
was reproducible in each patient with each balloon inflation
(mean coefficient of variation 7.8%) and correlated with
concurrent echocardiographic measurements of ejection
fraction (r = 0.8 , p = 0.0001) and mass/volume ratio in
systole (r = 0. 1, p = 0.0001) or diastole (r = 0.88, p =
0.0001). Thirteen patients with class II or more severe
congestive heart failure had lower values for peak left
ventricular pressure than did those without failure (225 ±
46 versus 305 ± 45 mm Hg, p = 0.002), whereas no
During percutaneous balloon aortic valvuloplasty, the left
ventricle sustains a precipitous increase in afterload and
preload. The marked increase in ventricular loading during
balloon inflation has been investigated by Doppler echocar-
diographic studies
(1), which have shown that transmitral
filling of the left ventricle continues for a short period of time
as aortic outflow is abruptly obstructed by the balloon
.
Similar loading conditions are used in experimental animal
preparations to measure peak left ventricular pressure de-
velopment, which is reported to be an index of ventricular
performance (2-10) .
The purpose of this study was to determine whether the
peak left ventricular systolic pressure recorded during aortic
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difference in rest left ventricular systolic pressure was seen
between the two groups. The measurement of peak left
ventricular pressure was inversely related to rest mean
circumferential end-systolic wall stress (r = 0.52, p =
0.046) .
Thus, peak left ventricular systolic pressure measured
during aortic valvuloplasty in humans correlates closely
with traditional measures of left ventricular function . This
measurement, which previously has been obtained only in
experimental animal studies, is a simple and reproducible
hemodynamic index that may provide new insights in
studies of ventricular function and congestive heart failure
in aortic stenosis.
(J Am Coll Cardiol 1 8 ;14 135-42)
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obstruction during balloon aortic valvuloplasty correlates
with clinical and echocardiographic measurements of left
ventricular performance .
Methods
Study group (Table 1) . Twenty patients (11 male and  
female, aged 30 to  0 years) were selected for study because
they presented with signs and symptoms of severe aortic
stenosis and had increased risk for aortic valve replacement
(age, other medical or surgical conditions or desire to
become pregnant without risk of anticoagulation or repeat
valve replacement) . All had congestive heart failure (New
York Heart Association class I in seven, class II in four,
class III in six and class IV in three) (Table 1) . Eight patients
had angina and four had a prior episode of exertional
syncope that was attributed to aortic stenosis . Ejection
fractions measured by echocardiography ranged from 0 .17 to
0.85 . (In five patients, the accurate determination ofejection
fraction could not be determined from technically inade-
quate images .) Nineteen patients had sclerocalcific aortic
0735-10 718 /$3 .50
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Table 1
. Clinical, Echocardiographic and Catheterization Features in 20 Patients
stenosis affecting a trileaflet aortic valve, and one patient had
a bicuspid aortic valve .
Findings at cardiac catheterization disclosed that seven
patients had significant coronary disease   two patients
(Cases 11 and 17) had prior coronary artery bypass surgery
without a history of myocardial infarction, echocardio-
graphic evidence of regional wall motion abnormality or
angiographic evidence of graft occlusion ; five patients had
significant single- or double-vessel disease without a history
of infarction, symptoms of unstable angina or evidence of
regional wall motion abnormality ; one patient (Case I) had a
history of infarction, akinetic apex on echocardiography and
no symptoms of angina and one patient (Case 2) had evi-
dence of apical akinesia on echocardiographic evaluation but
no history of infarction or angina . The calculated mean
aortic valve gradient for the group, measured from simulta-
neous pressure recordings in the central aorta and left
ventricle, ranged from 31 to 101 mm Hg, giving an estimated
aortic valve area that ranged from 0 .4 to 0.8 cm 2 . Four
patients had a cardiac index <2 .0 liters/min per m 2 . No
patient had clinical, Doppler echocardiographic or angio-
graphic evidence of aortic insufficiency or more than mild
(1+) mitral regurgitation .
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AVA = aortic valve area before valvuloplasty   AVG = aortic value gradient   CAD = site of >-75  stenoses in the left anterior descending (LAD), left
circumflex (LCx), right (RCA) or posterior descending (PDA) coronary artery   NS = no angiographic evidence of significant coronary disease   CHF = congestive
heart failure severity assessed by the New York Heart Association functional class   CI = cardiac index measured by the Fick method   EF = ejection fraction
(in five patients quantitative echocardiographic measurements could not be made because of technically inadequate images)
. LAP = left atrial pressure measured
by transseptal catheterization   RWMA = regional wall motion abnormalities assessed by echocardiography .
All patients gave informed consent for balloon aortic
valvuloplasty and transseptal catheterization according to
the protocol approved by the Committee for the Protection
of Human Subjects from Research Risks at the Brigham and
Women's Hospital .
Hemodynamic measurements before balloon valvuloplasty .
Each patient was brought to the cardiac catheterization
laboratory where a PE 160 cannula (NAMIC) was inserted
into the left femoral artery; a 5F bipolar pacing electrode
used in the demand (VVI) mode was passed to the right
ventricular apex through the left femoral vein and a 7F
balloon-tipped flotation catheter (Critikon) was passed to the
pulmonary artery through the left femoral vein . A  F side-
arm sheath was positioned in the right femoral artery, and a
7F balloon-tipped catheter (Critikon) was passed to the left
ventricle through an 8F Mullins sheath (USCI) that had been
positioned there transseptally over a 7F Brockenbrough
catheter (USCI) and standard Brockenbrough needle . After
the transseptal catheterization was completed, each patient
received 10,000 U of heparin intravenously . A 7F pigtail
catheter (Cordis) was passed through the right femoral
sheath to the central aorta . We measured central aortic, left
ventricular, femoral, left atrial, pulmonary artery wedge and
Clinical Findings Echocardiographic Findings
Catheterization Findings
Case
No .
CHF
(class)
Angina
(class) Syncope EF
Aortic Valve
(morphology)
RWMA
(site) CAD
Mean AVG
(mm Hg)
AVA
(cm'-)
LAP
(mm Hg)
CI
liters
min•m
-
I IV No No 0 .28 Sclerocalcific Apex LAD
. RCA 42 0 .4 35 1.8
2 IV No No
0 .17 Sclerocalcific Apex LAD . LCx 31 0 .8 1  2 .1
3
IV No No 0 .23 Sclerocalcific None NS 38
0
.7 42 1 . 
4 111 No No 0 .36 Sclerocalcific None NS 52
0 .6
26
1 . 
5 11 No No
Sclerocalcific None LCx 45 0 .8 14 2 .8
6 1 No Yes 0 .35 Sclerocalcific None NS
78 0 .4 18 2 .6
7 III 11 Yes
Sclerocalcific None LCx 4  0 .6 15 2 .4
8 11 11 No 0 .48 Sclerocalcific None NS 50 0 .4 35 1 .8
  II No No Sclerocalcific None
NS 88 0
.5
14 2 .8
10 111 No
No Sclerocalcific None NS 36 0.7 16 2 .3
I1 II 11 No 0 .53 Sclerocalcific None LAD . LCx 52
0
.7 18 2 . 
12
Ill
Il
Yes 0 .43 Sclerocalcific None LCx. RCA  0 0 .4 16 2 .3
13 111 II No 0 .6  Sclerocalcific None NS 52 0 .7 14 3 .5
14 III No No 0 .85 Sclerocalcific None N S 50
0
.5 25 3 .0
15
I No No 0 .7  Bicuspid None NS 80 0.5 13 3 .2
16 1 Ill No 0.6  Sclerocalcific None NS  1
0
.5 31 3 .5
17
1
III No
0 .77
Sclerocalcific
None
LCx
. PDA 74 0
.8
12 2
. 
18 1 No Yes Sclerocalcific None NS 101 0 .5 20 2 .4
1  1 11 No 0.70 Sclerocalcific None NS 7  0 .5 14 2 .6
20 1 No No 0.77 Sclerocalcific None NS 77 0 .6 18 2 .1
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pulmonary artery pressures after placement of the central
aortic catheter, transseptal catheters and right heart cathe-
ter. Cardiac output was calculated by the Fick method from
measurements of oxygen consumption from a metabolic rate
meter (Waters Instruments) and aortic and pulmonary artery
saturations. The aortic valve area was estimated by the
Gorlin formula (11) from simultaneous pressures recorded
from central aorta and left ventricle .
Echocardiographic measurements in the catheterization
laboratory . Immediately before balloon valvuloplasty and
after the last balloon inflation, two-dimensional echocardio-
graphic studies were performed, with the patient in the
supine position, from the apical and left parasternal trans-
ducer positions with use of the Hewlett-Packard 77020
AC/AR phased array ultrasonograph with a 2 .5 MHz trans-
ducer. In the apical four chamber view, left ventricular
end-diastolic length and end-systolic length were measured
from the apical endocardium to the mid-mitral anulus level
with use of electronic calipers on a Diasonics Cardio-Revue
Center. Three to five cardiac cycles were analyzed and the
average computed . End-diastole was defined as the frame
coincident with the peak of the R wave on a simultaneous
electrocardiogram and end-systole was designated as the
smallest left ventricular chamber dimension . The left
parasternal short-axis images of the left ventricle at the high
papillary muscle level were digitized to obtain epicardial and
endocardial areas at end-diastole and end-systole . The epi-
cardial left ventricular boundary was digitized to include the
right side of the interventricular septum to obtain end-
diastolic (ED) and end-systolic (ES) total areas (A) . The
endocardial left ventricular border was digitized to obtain
end-diastolic and end-systolic cavity areas (A,,) . For calcu-
lation of volumes, the papillary muscles were designated as
cavity and for calculation of mass included as myocardial
area (A,,) . Left ventricular myocardial area was calculated
as A t - Ac . Left ventricular volume and mass were calcu-
lated by the 5/6 area times length method (12-14) . Left
ventricular afterload was quantitated as end-systolic circum-
ferential wall stress with simultaneously measured peak
systolic left ventricular pressure under rest conditions to
estimate the end-systolic pressure as previously validated
(15-17) .
From the preceding, the following variables were com-
puted (18.1 )  
LV volume at end-diastole (LVEDV, cc) = 5/6 LVEDA c LVEDL
LV
volume at end-systole (LVESV, cc) = 5/6 LVESA,.LVESL
LV ejection fraction (EF) _ (LVEDV - LVESV)/LVEDV
LV mass at end-diastole (LVM, g) = 1 .055 [5/6 LVEDA,.(LVEDL
+ 1) - 5/6 LVEDA,-LVEDL]
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LV end-systolic circumferential wall stess (Ca-, 10 3 dynes/cm') =
I .33LVSP-VLVESAc
VLVESA, - VLVESA c
{-
(LVESA c ) 31
ar(0.5LVESL) 2[VLVESA, + VLVESA
C ]
where LVEDAc = left ventricular end-diastolic cavity area ;
LVEDL = left ventricular end-diastolic length ; LVESAc =
left ventricular end-systolic cavity area ; LVESL = left
ventricular end-systolic length ; LVEDAt = left ventricular
end-diastolic total area (cavity plus wall) ; LVSP = left
ventricular systolic pressure and LVESA t = left ventricular
end-systolic total area (cavity plus wall) . Quantitative echo-
cardiographic measurements could not be made in five
patients .
Aortic valvuloplasty methods and measurement of peak left
ventricular pressure during balloon inflation . Aortic valvulo-
plasty was performed as previously described (20) . The left
ventricle was cannulated in a retrograde manner with either
a 7F pigtail catheter (Cordis) or 7 .3F Judkins right coronary
catheter (JR4, Cook) and 145 cm 0 .035 in . (0 .08  cm) straight
guide wire (Cook) . The guide wire was then exchanged for a
260 cm 0 .038 in . (0.0 7 cm) J-tipped Amplatz extra-stiff
exchange wire with a modified "apical" curve . The balloon
catheter was advanced over the exchange wire so that the
balloon was positioned in the aortic valve orifice . Before
inflation, the transseptal left ventricular and femoral artery
catheter transducers were appropriately tested against both
atmospheric pressure and internal calibration on either 200
or 400 mm Hg full scale . The balloon was inflated for 5 to 10
s while left ventricular and femoral artery pressures were
measured . Each of the nine women in the study had balloon
inflations with 18 and 20 or 23 mm balloons . The 11 men had
balloon inflations with 20 and 23 or 25 mm balloons . Infla-
tions were carried out until the peak to peak aortic valve
gradient, measured continuously with the left ventricular
catheter and femoral sheath, decreased by about a factor of
two . Each patient had 2 to I I inflations .
During balloon inflation, left ventricular systolic and
diastolic pressures rose and femoral artery pressure fell . Left
ventricular end-diastolic, peak left ventricular systolic and
peak left ventricular developed pressure (systolic - end-
diastolic) were measured in duplicate during every balloon
inflation from the two highest beats per inflation . Thus, the
number of recordings of left ventricular pressure during
balloon inflation ranged from 4 to 22. The mean arterial
pressure during inflation was calculated from the average of
the five lowest femoral artery pressures during balloon
inflation .
After valvuloplasty was deemed successful, right heart,
left ventricular and central aortic pressures measurements
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Table 2 . Aortic Valve Area Before and After Balloon
Valvuloplasty in 20 Patients
were repeated . Oxygen consumption, hemoglobin and oxy-
gen saturation values were repeated to calculate the aortic
valve area . Repeat echocardiographic and Doppler studies
were made in the cardiac catheterization laboratory .
Statistics . Linear regression analysis was performed with
the Statistics and Data Management Package of Bolt, Be-
ranek and Newman (RS I, Vax 11/780 computer) . Peak left
ventricular pressure was compared in patients with and
without congestive heart failure by using a two-tailed, un-
paired t test . All data are presented as mean values ± SD .
Results
Valvuloplasty results (Table 2). After balloon inflations
for 5 to 10 s with 18 to 25 mm balloons, we observed an
average 48% reduction in the mean aortic valve gradient in
the 20 patients . This reduction resulted in an increase in the
mean aortic valve area for the group from 0 .6 ± 0 .1 to 1 .0
0.3 cm 2 .
Complications . One patient (Case 1) was taken to the
catheterization laboratory for emergency valvuloplasty
while he was in cardiogenic shock and receiving intravenous
dopamine and dobutamine . He showed moderate improve-
ment after uncomplicated valvuloplasty but died suddenly
on the 5th postvalvuloplasty day from cardiac arrhythmia
after he was out of bed and slowly increasing his activities
without the need for inotropic support. although symptoms
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Table 3. Hemodynamic Measurements Under Rest Conditions
and During Balloon Valvuloplasty in 20 Patients
Case
Rest Peak Peak Rest Obstr.
No . LVP
LVSP L,VEDP FAP FAP
FAP = femoral artery pressure under rest and obstructed (obstr .) condi-
tions during aortic balloon inflation   LVEDP = left ventricular end-diastolic
pressure during balloon inflation   LVP = left ventricular pressure ; LVSP =
left ventricular systolic pressure during balloon inflation . All values presented
as mean values ± SD .
of congestive heart failure had persisted . One patient devel-
oped angina during the procedure that required treatment
with nitroglycerin . After valvuloplasty, three patients had
Doppler echocardiographic evidence of new aortic insuffi-
ciency ; aortography disclosed mild (1+) aortic insufficiency
in each . Fourteen patients developed an intraventricular
conduction defect that resolved spontaneously in 13 after I
to 12 h   l patient developed persistent left bundle branch
block without other complication. There were no embolic
complications or complications from the transseptal cathe-
terization in any patient .
Hemodynamic measurements before and during balloon
valvuloplasty (Table 3) . Before valvuloplasty, the patients
had a rest systolic arterial pressure that ranged from  2 to
172 mm Hg with a group mean arterial pressure (systolic/
diastolic) of 12 /66 ± 24/10 mm Hg . The mean arterial pulse
pressure before valvuloplasty was 63 ± 21 mm Hg . During
the balloon inflation for 5 to 10 s, the femoral systolic artery
pressure fell to as low as 25 mm Hg . The mean femoral
artery pressure during balloon inflation decreased to 63/47
1 /13 . The mean arterial pulse pressure during balloon
inflation decreased to 15 ± 8 mm Hg . These values suggest
that the aortic valve orifice was significantly obstructed
during balloon inflation for valvuloplasty .
Under rest conditions, left ventricular systolic pressure
ranged from 131 to 244 mm Hg (Table 3) . During balloon
1 13 /36 150 ± 5 40
±1
 2/53 61/48
2 131/1  154
+ 7
38
+3
 8/55 43/31
3 141/16 185 ± 15 32
± 
 8/68 66/54
4 165/35 1 1 ± 3 34
±3
105/58 70/50
5 18 /16 1 8
± 7
23
±4
146/72
 1/55
6 14 /21 232 ± 21 21
± 5
14 /70 38/2 
7 215/16 232 ± 20 23
± 5
171/78 62/24
8 205/45 236
± 17
52
±2
150/60
58/51
  232/18 248 ± 27 17
±5
144/54 73/53
10 150/1  250 ± 14 38
±3
110/75 74/55
11 1 2/1  252
± 44
42
±6
133/78
78/4 
12 223/24 263 ± 21 27
±8
117/60  1/60
13 177/21 282
± 37
32
± 3
118/6  58/43
14 215/26 288 ± 6 24
± 2
172/88  0/70
15 211/17 288 ± 21 30
!'
14 112/70 25/23
16
244/28 300 ± 28 38 ± 4
127/56
30/22
17 226/17 305 ± 16 26 ± 7 145/57 71/52
18 222/22 311 ± 25 33 ± 14 115/52 4 /36
1  238/14 314 ± 54 23 ± 5 158/76 71/5 
20 212/17 386 ± 22 21 ± 2 126/65 70/51
Aortic Valve Area (cm'-)
Case No .
Before After
1 0 .4 0 .6
2
0 .8 1 .1
3 0 .7 1 .5
4 0 .6
1 .3
5 0 .8 1 .0
6 0 .4 1 .2
7 0 .6 0 .7
8 0 .4 0 .7
  0 .5 0 .7
10
0 .7 1 .3
11 0 .7 1 .1
12 0 .4 0 .6
13 0 .7 1 .3
14 0 .5
0 .6
15 0 .5 0 .7
16 0 .5 0 . 
17
0 .8 1 .0
18 0 .5 0 .8
1  0 .5 1 .0
20 0 .6 1 .0
Mean 0 .6 1 .0
± SD 0 .1 0 .3
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Figure 1 . Hemodynamic records . Excerpts from the actual hemo-
dynamic tracings for Patient 2 (A) and Patient 20 (B) during balloon
inflation show the range of peak left ventricular (LV) and femoral
artery (FA) pressures during balloon inflation . Numerical values
refer to scales of pressure measurement   either 0 to 200 mm Hg or 0
to 400 mm Hg .
inflation, the left ventricular systolic pressure increased to a
maximum, at least transiently, in every patient as femoral
artery pressure decreased (Fig . I) . We observed a maximal
left ventricular systolic pressure that ranged from 150 ± 5 to
386 ± 22 mm Hg when we averaged the maximal left
ventricular pressure for each patient from the two highest
pressures achieved during each balloon inflation during
2 to 11 inflations per patient . The peak pressure achieved
for each patient was highly reproducible with an average
coefficient of variation of 7.8%. The maximal left ventric-
ular pressure generally appeared during the first 2 to 3 s
of balloon inflation at a time when the femoral artery
pressure was decreasing . Whenever possible, the peak left
ventricular pressure was recorded from beats potentiated
from premature ventricular contractions to obtain the
maximal pressure . During balloon inflation the mean left
ventricular end-diastolic pressure increased from 22 ± 8 to
30 ± 7 mm Hg .
A good correlation existed between the rest (RLVSP) and
the peak (PLVSP) left ventricular systolic pressure during
balloon inflation (PLVSP = 1 .2 x RLVSP + 23 ; r = 0 .73, p
= 0 .0003) . The greatest augmentation in peak left ventricular
systolic pressure relative to rest pressure, given by the ratio
of peak to rest left ventricular systolic pressure, was seen in
patients without clinical evidence of congestive heart failure
(p = 0.05) . No correlation existed between the severity of
aortic stenosis by valve area (Table 1) and the rest or peak
left systolic pressure (Table 3) .
Clinical correlations . Thirteen patients had clinical evi-
dence of congestive heart failure   these patients had an
average peak left ventricular systolic pressure of 225 ± 46
I=I
IIIIIIIfl .I  
1
2
3 4
5
6 7 8  
10 11 12 13 14 15 16 17 18 1  20
Patient Number
Shock
CHF
Syncope
Angina
	
M
Figure 2 . Clinical correlations . The presence of cardiovascular
symptoms is correlated with the peak left ventricular pressure (mean
value ± SD) measured for each of 20 patients in the study . CHF =
congestive heart failure .
compared with 305 ± 45 mm Hg in the seven patients
without congestive heart failure (p = 0 .002) . In contrast, no
difference was seen in rest left ventricular systolic pressure
between the two groups, and only a trend toward a differ-
ence in ejection fraction was seen between the two groups
(0.45 ± 0 .22 versus 0 .68 ± 0 .17; p = 0.05) .
The other common symptoms of aortic stenosis-
syncope and angina-showed no significant relation to mea-
surements of peak left ventricular systolic pressure (Fig . 2) .
Identical results are obtained if values for peak left ventric-
ular developed pressure are used instead of peak systolic
pressure .
Echocardiographic correlations . From echocardiographic
measurements obtained simultaneously with hemodynamic
recordings in the cardiac catheterization laboratory, we
calculated values for left ventricular mass, mean circumfer-
ential end-systolic wall stress, ejection fraction, end-systolic
and end-diastolic volumes . Peak left ventricular systolic
pressure depended importantly on left ventricular geometry .
The highest values for peak left ventricular pressure were
seen in patients with a hypertrophied, nondilated left ventri-
cle (Fig . 3) . Thus, close correlations were observed between
peak left ventricular systolic pressure and the mass/volume
ratio, with volume measured in both systole (r = 0 . 1 ; p =
0 .0001) or diastole (r = 0 .88 ; p = 0.0001) . On the other hand,
the measurement of peak left ventricular systolic pressure
did not correlate with the measurement of left ventricular
mass alone . This lack of correlation suggests that the pat-
tern, not the extent, of hypertrophy determines the peak
pressure that the ventricle can generate .
Peak left ventricular systolic pressure was also closely
related to the left ventricular ejection fraction (Fig . 4) and
was inversely related to another echocardiographic index of
systolic function-the left ventricular end-systolic volume
index (r = 0 .85 ; p = 0 .0001) .
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Figure 3. Concurrent hemodynamic-echocardiographic correla-
tions in 15 patients . Peak left ventricular (LV) pressure was corre-
lated with the rest mass/volume ratio, with volume recorded in both
systole (A) and diastole (B) .
We evaluated the relation between peak left ventricular
systolic pressure and mean circumferential wall stress . We
observed that normalized values for wall stress were asso-
ciated with the highest values for peak left ventricular
pressure (Fig. 5A). This association suggests that the nondi-
lated ventricle with increased wall thickness and hence
Figure 4 . Peak left ventricular (LV) systolic pressure versus rest
ejection fraction in 15 patients .
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Figure 5 . Wall stress . Peak left ventricular (LV) systolic pressure
(A) and ejection fraction (B) were correlated with mean circumfer-
ential wall stress in 15 patients .
normalized wall stress can generate higher intracavitary
pressure than can the dilated ventricle with increased wall
stress from inadequate hypertrophy . The relation among
wall stress, maximal pressure development and ejection
fraction were studied by observing that the ejection fraction
was also inversely related to mean circumferential wall
stress (Fig . 5B) . Identical results were obtained when values
for peak left ventricular developed pressure were substituted
for peak systolic pressure in these relations .
Discussion
The pressure-generating capacity and performance of the
left ventricle in aortic stenosis . Patients with severe aortic
stenosis have a wide range of ejection fraction and variable
clinical presentation . The reason for these differences re-
mains controversial. The left ventricle adjusts to the pres-
sure overload of aortic stenosis by undergoing hypertrophy,
which is expressed as an increase in both wall thickness and
myocardial mass . Compensatory hypertrophy allows the
ventricle to make the primary hemodynamic adjustment in
aortic stenosis ; that is, the ability to generate high pressure .
Afterload mismatch, owing to inadequate hypertrophy or
JACC VoL 14, No . I
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marked dilation of the left ventricle, may impair the hemo-
dynamic adjustment and lead to depressed ventricular func-
tion in aortic stenosis (21,22) .
To relate the hemodynamic response of the left ventricle
in aortic stenosis to the pattern of ventricular hypertrophy,
we measured peak left ventricular systolic pressure in pa-
tients during sudden left ventricular outflow obstruction
produced by balloon inflation for aortic valvuloplasty . We
observed that chamber dilation and inadequate wall thick-
ness are clearly associated with impairment of pressure-
generating capacity of the left ventricle under rest and
loaded conditions .
Animal studies . On the basis of the work of Frank (2),
Starling (3) and others, many investigators (4-10) have used
the measurement of maximally loaded left ventricular
pressure during isovolumic or near-isovolumic contrac-
tions as an index of ventricular performance . Until now,
the measurement of peak left ventricular pressure in
humans has not been possible . Using the peak left ventric-
ular pressure generated during isovolumic contraction in
experimental animal models, investigators have compared
the performance of hypertrophied or infarcted hearts at
similar levels of peak left ventricular end-systolic wall
stress . For example, in the intact animal, sudden but
brief occlusion of the aorta allows the peak left ventric-
ular pressure to be measured in normal, hypertrophied
(7,8) and infarcted (4-6) hearts with regional wall motion
abnormalities . In the isovolumically contracting isolated
heart, maximal left ventricular pressure measured at the
peak of the Starling curve is a useful index of left ventric-
ular contractile performance (2,3, ,10) . In the current
study, we observed that peak left ventricular pressure
during balloon aortic valvuloplasty matches traditional
indexes of left ventricular function and correlates with
the clinical status of the patient, but we cannot conclude
that the measurement is an index of contractility because
the measurement was made under predominantly noniso-
volumic conditions and in hearts of widely varying geome-
try .
Other important differences exist between the measure-
ments reported here and those from experimental animal
studies .
We recorded measurements of peak left ventricular
systolic pressure during the initial 5 to 10 s of subcoronary
balloon inflation . Because coronary perfusion falls during
balloon inflation, the left ventricle could rapidly become
ischemic and fail if aortic obstruction persists . The time
course of the effect of aortic valve obstruction and ischemia
on left ventricular performance cannot be ascertained di-
rectly from our measurements but can be estimated from
studies in isolated hearts . When the coronary perfusion
pressure of an isolated heart is suddenly decreased from 100
to 0 mm Hg, left ventricular pressure falls to  5% of control
in 5 s and to 85% of control in 10s (23-25) . In our patients, we
recorded left ventricular pressure within 5 s during balloon
BITTL ET AL
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inflation . At this time, femoral artery pressure had fallen to
a mean value of 63/47 mm Hg . Coronary flow had probably
decreased at this time, but not to the severely depressed
levels achieved in experimental studies . Thus, during the
first 5 s of balloon inflation, peak left ventricular systolic
pressure is probably depressed no more than 5 to 10% of
what it would be under the ideal condition of aortic outflow
obstruction with preservation of coronary perfusion . Al-
though two patients had wall motion abnormalities due to
coronary artery disease, these did not involve the segments
in the echocardiographic views that were used to calculate
the left ventricular variables . Investigators (4-6) working
with experimental animal preparations rely on the measure-
ment of peak left ventricular pressure as an important index
of ventricular function even in the presence of wall motion
abnormalities . Despite these potential limitations, each pa-
tient had a unique, reproducible value for peak left ventric-
ular pressure that correlated with ejection fraction, ventric-
ular geometry and clinical status .
Echocardiographic correlations . We used two-dimen-
sional echocardiographic measurements to provide esti-
mates for left ventricular mass, volume and wall stress .
Numerous investigations (12-1 ,26) have demonstrated that
two-dimensional echocardiography provides simple, reliable
estimates of in vivo left ventricular mass, volume and wall
stress despite marked abnormalities in left ventricular shape .
The relation between rest left ventricular pressure and
ventricular geometry has also been evaluated by Aziz et al .
(27), who found a good correlation between left ventricular
systolic pressure and the mass/volume ratio, with volume
determined at end-diastole . We found that the mass/volume
ratio with volume measured at end-systole to be slightly
superior to the diastolic measurement in predicting the peak
left ventricular systolic pressure under maximal loading
conditions . Other investigators (28) found that the mass/
volume ratio in normal adult volunteers is independent of
heart rate and age. It is not surprising that peak left ventric-
ular pressure did not correlate with myocardial mass ; even 2
g rat hearts are capable of generating peak pressures of 300
mm Hg (8) .
Conclusions . The measurement of peak left ventricular
pressure can be obtained safely during balloon aortic valvu-
loplasty . This simple hemodynamic measurement correlates
well with traditional measurements of ventricular function
and clinical status. We found that the ability of the left
ventricle to generate a high systolic pressure during maximal
loading correlated very closely with ventricular geometry .
The highest pressures were recorded in a nondilated, hyper-
trophied ventricle with thick walls . A dilated ventricle with
normal wall thickness generated lower systolic pressures
under maximal loading . Our results suggest that inability of
the left ventricle to develop a high intracavitary pressure,
owing to ventricular dilation and inappropriately high after-
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load, may lead to depressed ejection fraction and symptoms
of congestive heart failure .
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